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FIELD OF THE INVENTION 

The present invention relates to a process for the activation 
of lymphocytes and the use of activated lymphocytes in the treatment of 
cancer. The invention also relates to fusion proteins for the activation of 
lymphocytes, to nucleic acids encoding the fusion proteins and to vectors 
carrying the nucleic acids. 

BACKGROUND OF THE INVENTION 

Lymphocytes require at least two distinct signals in order to 
respond to antigens by activation of effector functions (Bretscher and Cohn 
1970 Science 169: 1042-1049; Crabtree 1989 Science 243: 355-361). 
The primary signal is specific for antigen. For B-lymphocytes, the B-cell 
antigen receptor (surface immunoglobulin) recognises three-dimensional 
epitopes on a variety of macromolecules. For T-lymphocytes, the T-cell 
receptor (TOR) recognises peptide antigens displayed on the surface of 
antigen-presenting cells by proteins of the major histocompatability (MHO) 
family (Weiss et aL 1986 Ann. Rev. Immunol. 4: 593-619). Stimulation of 
the primary signal in isolation normally leads to apoptosis (programmed 
cell death) of the lymphocyte or leads to the establishment of a state of 
sustained unresponsiveness or anergy (Weiss et al. supra). In order to 
achieve activation of the lymphocyte, accessory signals are required which 
may be delivered by cytokines or by cell-surface co-stimulatory ligands 
present on antigen-presenting cells (ARC). There are a number of such 
co-stimulatory molecules now identified including adhesion molecules, 
LFA-3, ICAM-1, ICAM-2. Major co-stimulatory molecules present on ARC 
are the members of the B7 family including B7-1 (CD80). B7-2 (CD86) and 
B7-3. These molecules are ligands of co-stimulatory receptors on 
lymphocytes including CD28 (WO92/00092), probably the most significant 



co-stimulatory receptor for resting T-celis. Different nriembers of the B7 
family of glycoproteins may deliver subtly different signals to T-cells (Nunes 
et al. 1996 J. Biol. Chem. 271: 1591-1598). 

Established tumours, despite the fact that they commonly 
express unusual antigens on their surfaces, are poorly immunogenic. It 
has been postulated previously that one method for stimulating immune 
recognition of tumour cells would be to enhance antigen presentation and 
co-stimulation of lymphocytes in the context of tumour antigens. 
Transfection of the genes encoding B7-1 and B7-2, alone or in combination 
with cytokines, have been shown to enhance the development of immunity 
to experimental tumours in animal models (e.g. Leong et al. 1997 Int. J. 
Cancer 71: 476-482; Zitvogel et al. 1996 Eur. J. Immunol. 26:1335-1341; 
Cayeux et al. 1997 J. Immunol 158:2834-2841). However, in translating 
these results into a practical treatment for human cancer, there are a 
number of significant problems to be overcome. A major problem in such 
studies is the need to deliver B7 genes in vivo to a large number of cells of 
the tumour to achieve efficacy. A second problem is that it is important to 
target expression of B7 to the tumour cells to avoid inappropriate immune 
cell activation directed against other cell types. 

The present invention solves these problems by delivering a 
gene encoding a secreted co-stimulatory molecule (SCM) with binding 
affinity for a tumour antigen. In this way, a relatively small number of 
transfected cells within the tumour act as a local factory to produce the co- 
stimulatory molecule which is shed from the producer cell and binds to 
other cells in the tumour. The invention has the additional advantage that 
tumour cells need not be the target for transfection. There are a number of 
cell types present within the tumour cell mass in addition to the cancerous 
cells. These can include cells of the tumour vasculature (e.g. endothelial 
cells) and immune cells which infiltrate the tumour, such as tumour- 
infiltrating lymphocytes (TIL) and macrophages (Nermann 1985 Cancer 



Metastasis Re. 4:277-291; Leek et al 1996 Cancer Res. 56: 4625-4629). 
Any of these cell types can be targeted for expression of the SCM and can 
serve as a local factory within the tumour for production of SCM. 
Preferably, the cells used to produce the SCM are the cancerous cells, 
5 endothelial cells or macrophages. Alternatively, the progenitors of 

monocytes or endothelial cells may be targeted, such as CD34-positive 
peripheral blood mononuclear cells (Asahara et al. 1997 Science 275: 964- 
967). 

The secreted co-stimulatory molecule of the invention (SCM) 

10 is a novel engineered fusion protein comprising a signal peptide for 

secretion from mammalian cells, at least one antigen-binding domain from 
an immunoglobulin or an immunoglobulin-like molecule and at least one 
further domain which acts as a co-stimulatory signal to a cell of the immune 
system. The use of combinations of SCMs containing different co- 

15 stimulatory domains is also envisaged. The SCMs are produced by 

expression of SCM-encoding genes in the autologous cells of the individual 
to be treated and hence any post-translational modifications added to the 
protein by the host cell are authentic and provide fully functional protein 
and appropriate pharmacokinetics. 

20 WO 92/00092 describes truncated forms of B7-1 , derived by 

placing a translation stop codon before the transmembrane domain, 
secreted from mammalian cells. In that particular case, a heterologous 
signal peptide from the Oncostatin M gene was used. WO 92/00092 also 
describes fusion proteins which contain the extracellular domain of B7-1 

25 fused to the Fc region of an immunoglobulin. Such molecules can bind to 
CD28 on T-cells and serve to stimulate T-cell proliferation. However such 
stimulation occurs only to a moderate extent unless the B7 or B7-derivative 
is immobilised on a solid surface. 

Gerstmayer et al. (1997 J. Immol. 158: 4584-4590) describes 

30 a fusion of B7-2 to an scFv specific for ErbB2 followed by a myc epitope 



tag and polyhistidine tag which is secreted when expressed in the yeast 
Pichia pastoris. This nnolecule retained binding for antigen and co- 
stimulated proliferation of T-cells prestimulated with PMA and IL-2. 
However, glycosyiation of such a molecule is of the yeast type, which is 
likely to lead to inappropriate pharmacokinetics in humans. 

A large number of monoclonal antibodies and 
immunoglobulin-like molecules are known which bind specifically to 
antigens present on the surfaces of particular cell types such as tumour 
cells. Procedures for identifying, characterising, cloning and engineering 
these molecules are well established, for example using hybridomas 
derived from mice or transgenic mice, phage-display libraries or scFv 
libraries. Genes encoding immunoglobulins or immunoglobulin-like 
molecules can be expressed in a variety of heterologous expression 
systems. Large glycosylated proteins including immunoglobulins are 
efficiently secreted and assembled from eukaryotic cells, particularly 
mammalian cells. Small, non-glycosylated fragments such as Fab, Fv, or 
scFv fragments can be produced in functional form in mammalian cells or 
bacterial cells. 

The immunoglobulin or immunoglobulin-like molecule may be 
derived from a human antibody or an engineered, humanised rodent 
antibody such as a CDR-grafted antibody or may be derived from a phage- 
display library or may be a synthetic immunoglobulin-like molecule. 

The antigen-binding domain may be comprised of the heavy 
and light chains of an immunoglobulin, expressed from separate genes, or 
may use the light chain of an immunoglobulin and a truncated heavy chain 
to form a Fab or a F(ab)'2 fragment. Alternatively, truncated forms of both 
heavy and light chains may be used which assemble to form a Fv 
fragment. An engineered scFv fragment may also be used, in which case, 
only a single gene is required to encode the antigen-binding domain. 
Preferably the antigen-binding domain is formed from a Fv or a scFv. 
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The co-stimulatory domains can be cliosen from extracellular 
portions of the B7 family of cell-surface glycoproteins, including B7-1. B7-2 
and B7-3, or another co-stimulatory cell-surface glycoprotein. Preferably 
the co-stimulatory domain is a portion of B7-1 or B7-2, more preferably the 
3 complete extracellular portion of B7-1 or B7-2. 

The SCM is formed by expression of a novel gene encoding 
a fusion protein containing the antigen-binding domain or domains and the 
co-stimulatory domain or domains. If the antigen-binding domain is 
comprised of a heavy and a light chain, the co-stimulatory domain is fused 
10 to one or other of the immunoglobulin chains, preferably to the heavy 

chain. If the antigen-binding domain is a scFv, the co-stimulatory domain 
is fused to the scFv. The domains can be placed in the order (N-terminus 
to C-terminus): antigen-binding dorhain followed by co-stimulatory domain; 
or co-stimulatory domain followed by antigen-binding domain. Preferably, 
15 the co-stimulatory domain is placed at the N-terminus followed by the 
antigen-binding domain. A signal peptide is included at the N-terminus, 
and may be for example the natural signal peptide of the co-stimulatory 
extracellular domain. The different domains may be separated by 
additional sequences, which may result from the inclusion of convenient 
20 restriction-enzyme cleavage sites in the novel gene to facilitate its 

construction, or serve as a peptide spacer between the domains, or serve 
as a flexible peptide linker or provide another function. Preferably the 
domains are separated by a flexible linker. 

Two or more different genes encoding different SCMs may be 
25 used to achieve improved co-stimulation, or both co-stimulation of naive T- 
cells and induction of memory responses. For example a gene encoding 
an SCM containing the B7-1 extracellular domain may be administered 
with a gene encoding an SCM containing the B7-2 extracellular domain. 

Thus in one aspect of the invention, there is provided one or 
30 more genetic vectors capable of expressing in mammalian cells one or 



more secreted co-stimulatory molecules, each secreted co-stimulatory 
molecule comprising at least one antigen-binding domain and at least one 
domain from the extracellular portion of a cell-surface co-stimulatory 
molecule. The co-stimulatory domain may be obtained from a molecule 
expressed on the surface of an antigen-presenting cell such as a B7 family 
member. Preferably the co-stimulatory domain is from B7-1 , B7-2 or B7-3. 
Most preferably it is comprised of B7-1 amino acid residues 1 to 
approximately 215 of the mature B7-1 molecule (described in 
WO96/00092) or amino acids 1 to approximately 225 of the mature cell- 
surface form of B7-2 (described in Gerstmeyer et al. 1997 J. Immunol. 
158:4584-4590). 

The genetic vector according to this aspect of the invention 
comprises at least a promoter and enhancer for expression in mammalian 
cells and a polyadenylation site. Suitable promoters and enhancers 
include the MIE promoter-enhancer from human cytomegalovirus or 
promoters which are expressed preferentially in cells present within the 
tumour. Such promoter-enhancers include those from the MUC1 gene , 
the CEA gene or the 5T4antigen gene. If two or more SCMs are 
expressed, the coding regions for these may be inserted into two separate 
vectors or a single vector may be used to express the two or more genes. 
In the latter case each gene is provided with a separate copy of the 
promoter, or an internal ribosome entry site (IRES) is used to separate the 
two coding sequences. 

In a second aspect of the invention, there is provided a gene 
delivery system for targeting one or more genes encoding SCMs of the first 
aspect of the invention to a tumour. The gene delivery system of this 
aspect of the invention comprises a genetic vector encoding a SCM and 
an in vivo gene-delivery system. The gene delivery system may be a non- 
viral gene delivery system such as DNA compacted with a DNA- 
compaction agent, or a liposome or immunoliposome which may contain 
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DNA compacted with a DNA-compaction agent such as poly-lysine. The 
vector may be a plasmid DNA vector. Alternatively the vector may be a 
recombinant viral vector such as an adenovirus vector, an adeno- 
associated virus (AAV) vector, a herpes-virus vector or a retroviral vector in 
5 which case gene delivery is mediated by viral infection of a target cell. 
Preferably the vector is a recombinant retroviral vector, which may be a 
targeted retroviral vector. Preferably, the retroviral vector is resistant to 
human complement, for example by production in a human cell line. In any 
event, the vector will contain a promoter to direct expression of the or each 
10 therapeutic gene and may contain additional genetic elements for the 
efficient or regulated expression of SCM genes, including enhancers, 
translation initiation signals, internal ribosome entry sites (IRES), splicing 
and polyadenylation signals. The promoter and/or enhancer may be 
tissue-restricted in its activity. For example a tumour-specific promoter- 
is enhancer, such as a 5T4 antigen gene promoter-enhancer or the CEA- 
gene promoter-enhancer may be used. Alternatively or additionally, an 
element or elements for regulated expression may be present, such as a 
hypoxia regulated enhancer. An example of a hypoxia regulated 
expression element (HRE) is a binding element for the transcription factor 
20 HIF1 . Preferably expression of the or a therapeutic gene is inducible by 
hypoxia (or low oxygen supply) such as may be found in a tumour mass. 
Most preferably, the promoter and/or enhancer directing expression of the 
therapeutic gene contains both hypoxia-responsive elements and elements 
which give higher expression in tumour cells than in neighbouring non- 
25 tumour cells. 

Additional vector components will be provided for other 
aspects of vector function such as vector maintenance, nuclear 
localisation, replication, and integration as appropriate using components 
which are well known in the art. 
30 In a preferred embodiment of this aspect of the invention, a 
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retroviral vector is used for in vivo delivery of the genes encoding the SCM 
or SCMs to the tumour. Suitable retroviral vectors are known in the art 
(see for example Gunzberg and Salmons 1996 In Gene Therapy ed. 
Lemoine and Cooper. Bios; and Cosset et al. 1995 J. Virol. 69; 7430- 
7436). In a particularly preferred embodiment, expression of the SCM may 
be enhanced in the hypoxic regions of the tumour by the inclusion of 
hypoxia regulated genetic elements in the retroviral vector. In this case, the 
hypoxia-regulated elements may be inserted into one or both of the 
retroviral LTRs in place of the LTR enhancer or in another position in the 
vector by standard molecular biology techniques. The gene or genes 
encoding the SCM may be expressed from a promoter-enhancer which 
leads to enhanced expression in the tumour cells compared with 
neighbouring non-tumour cells or is preferably essentially tumour-specific. 
Examples of suitable promoters include the promoter-enhancer of the gene 
for 5T4 antigen, or the promoter-enhancer of the MUC1 gene or a CEA 
gene. 

In a third aspect of the invention there is provided a method 
of treating cancer in a human or non-human mammal, comprising 
administering the SCM gene or genes in a gene delivery system of the first 
aspect of the invention either systemically or directly to the site of a tumour. 

In a fourth aspect of the invention, is provided a gene delivery 
system for introducing one or more genes encoding one or more SCMs 
into cells of the myeloid haematopoietic cell lineage either in vivo or ex 
vivo. Preferably the myeloid cells are of the monocyte-macrophage 
lineage. Alternatively, the cells are precursor cells which have the capacity 
to differentiate into monocytic cells, such as CD34-positive haematopoietic 
stem cells. For ex vivo delivery, the genes can be inserted into a plasmid 
vector and delivered by one of a variety of DNA transfection methods 
including electroporation, DNA biolistics, lipofection or compacted DNA- 
mediated transfection. Alternatively a viral vector can be used to 
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transduce myeloid cells or stem cells ex wVo, such as an adenovirus 
vector, a retroviral vector or a lentiviral vector The vector will contain a 
promoter to direct expression of the or each therapeutic gene and may 
contain additional genetic elements for the efficient or regulated expression 
5 including enhancers, translation initiation signals, internal ribosome entry 
sites (IRES), splicing and polyadenylation signals. The promoter or an 
enhancer or splicing signals may be tissue-restricted and preferentially 
active in mononuclear phagocytes such as macrophages. The promoter 
and/or enhancer may contain elements for regulated expression such as a 

10 hypoxia-regulated enhancer. An example of a hypoxia regulated 

expression element is HIF1 transcription factor response element. Such 
an element may be present in multiple copies. Examples of hypoxia- 
regulated promoters and enhancers include those from the enolase gene, 
the erythropoietin gene, and genes encoding glycolytic enzymes (Semenza 

15 et al., 1994 J. Biol. Chem 269; 23757-23763) such as the PGK gene. 
Isolated HREs can be multimerised in order to increase the response to 
hypoxia. 

Additional vector components may be provided for other 
aspects of vector function such as vector maintenance, nuclear 

20 localisation, replication and integration as appropriate. 

After introduction of the vector into the cells ex vivo, the cells 
can be re-introduced into the patient directly or they can be stimulated to 
differentiate along the monocyte-macrophage differentiation pathway using 
appropriate combinations of cytokines and growth factors prior to re- 

25 introduction into the patient. CD34-positive cells are stimulated to 
differentiate using cytokines including IL-3, GMCSF and MCSF. 
Monocytes are differentiated either by culture attached to plastic or using 
GMCSF either alone or in combination with other cytokines including 
MCSF. 

30 For introduction of therapeutic genes into myeloid cells or 
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CD-34 positive stem-cells in vivo, a suitable in vivo delivery system can be 
used to deliver the transcription units described above. The gene delivery 
system may be a non-viral gene delivery system such as DNA compacted 
with a DNA-compaction agent, or a liposome or immunoliposome which 
may contain DNA compacted with a DNA-compaction agent. Alternatively 
the vector may be a recombinant viral vector such as a targeted 
adenovirus vector, an adeno-associated viral (AAV) vector, a herpes-virus 
vector or a retroviral vector such as a lentiviral vector. Preferably the 
vector is a targeted recombinant lentiviral vector, which is preferably 
resistant to human complement, for example by preparation of the vector 
from a human packaging cell line. 

CD34-positive stem cells can also differentiate to form 
endothelial cells (Ashara et al. 1997 Science 275; 964-967). Such a route 
of differentiation for CD34 positive stem cells containing SCM encoding 
genes according to the invention is envisaged in addition to differentiation 
to form monocytes and macrophages. 

Additional vector components may be provided for other 
aspects of vector function such as vector maintenance, nuclear 
localisation, replication, and integration as appropriate using components 
which are well known in the art. 

In a preferred embodiment of this aspect of the invention, a 
plasmid vector or a retroviral vector carrying a gene encoding a SCM under 
the control of a hypoxia regulated promoter or a promoter active in 
macrophages is introduced into autologous peripheral blood monocytes. 
The transfected monocytes are re-introduced into the patient where they 
migrate to the hypoxic regions of tumours permitting enhanced production 
of the SCM in the interior of the tumour mass. The macrophages are 
optionally treated with cytokines prior to re-injection into the patient. 
Alternatively or additionally the vector may include DNA sequences 
capable of expressing a cytokine gene such as a gene for IFNg, CSF-1 or 
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GM-CSF in order to elicit the differentiation of the transfected cells. The 
cytokine gene may also be regulated by genetic elements which show 
enhanced activity at the site of the tumour. 

In a fifth aspect of the invention, there is provided a method 
for treating cancer in a human or non-human mammal, comprising 
withdrawing an amount of blood from an individual suffering from cancer, 
preparing a cell preparation enriched in monocytes and macrophages or 
their stem-cell progenitors, introducing SCM genes into the cell preparation 
using a gene delivery system of the second aspect of the invention so as to 
bring about transfection or transduction of the monocytes and 
macrophages, or their stem-cell progenitors with the SCM genes, and re- 
introducing the transfected or transduced cells either systemically or 
directly to the site of the tumour. The cell preparations may optionally be 
treated with cytokines prior to re-introduction in order to elicit differentiation 
towards active macrophages. 

In a further aspect of the invention is provided a method for 
treating cancer in a mammal, comprising administering to an individual a 
gene delivery system of the fourth aspect of the invention capable of 
expressing one or more SCMs in cells derived from a myeloid origin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the sequence of 5T4scFv.1 
Figure 2 shows the sequence of B7-1 .5T4.1 
Figure 3 shows a diagrammatic representation of two SCMs 
based on the B7-1 co-stimulatory domain; Figure 3a shows the SCM B7- 
1.5T4.1 and Figure 3b shows B7-1.5T4.2 in which the order of the co- 
stimulatory and tumour-binding domains are reversed. Sp = signal peptide; 
B7 ec = extracellular domain of B7-1; VI = light chain variable domain of 
5T4; Vh = heavy chain variable domain of 5T4. 

Figure 4 shows the sequence of the extracellular domain of 



human B7-2, including the signal peptide sequence. The mature protein 
begins at amino acid 17. The B7-2 derived sequence is followed by a 
flexible linker gly-gly-gly-gly-ser. 

DETAILED DESCRIPTION 

In accordance with the invention, standard molecular biology 
techniques may be used which are within the level of skill in the art. Such 
techniques are fully described in the literature. See for example; 
Sambrook et al. (1989) Molecular Cloning; a laboratory manual; Hames 
and Glover (1985 - 1997) DNA Cloning: a practical approach, Volumes I- 
IV (second edition). Methods for the engineering of immunoglobulin genes 
in particular are given in McCafferty et al (1996) Antibody engineering: a 
practical approach. 

A genetic "vector" is a genetic element (such as a plasmid, 
chromosome, artificial chromosome or a virus) which functions to transfer a 
segment of heterologous DNA into a target cell. Once within the target 
cell, the vector may serve to maintain the heterologous DNA within the cell 
or may act as a unit of DNA replication. 

A "promoter" is a DNA sequence capable of binding an RNA 
polymerase enzyme within a cell and directing the initiation of transcription 
of a coding sequence at a specific site on the DNA. 

An "enhancer" is a DNA sequence which binds to other 
protein components of the transcription initiation complex and thus 
facilitates the initiation of transcription directed by its associated promoter. 

An "intron" is an intervening sequence of DNA within a gene 
which is removed by RNA splicing and so is not present in the mature 
messenger RNA and does not code for protein. Introns can be conditional 
or alternatively spliced in different cell types. 

A "retrovirus" is a virus which contains genomic RNA which 
on entry into a host cell is converted to a DNA molecule by a reverse 
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transcriptase enzyme. The DNA copy serves as a template for the 
production of new RNA genomes and virally encoded proteins necessary 
for the assembly of infectious viral particles. The term "recombinant 
retroviral vector" describes a DNA molecule which contains sufficient 
5 retroviral sequences to allow an RNA transcript of the vector to be 

packaged in the presence of essential retroviral proteins into a retroviral 
particle capable of infecting a target cell. Infection of the target cell 
includes reverse transcription and integration into the target cell genome. 
The term "recombinant retroviral vector" also covers a retroviral particle 

10 containing an RNA genome encoded by the DNA molecule. The retroviral 
vector will also contain non-viral genes which are to be delivered by the 
vector to the target cell. A recombinant retroviral vector is incapable of 
independent replication to produce infectious retroviral particles. Usually, a 
recombinant retroviral vector lacks functional gag-pol and/or env genes, or 

15 other genes encoding proteins essential for replication. A "targeted 

retroviral vector" is a recombinant retroviral vector whose ability to infect a 
cell or to be expressed in the target cell is restricted to certain cell types 
within the host organism. An example of targeted retroviral vectors is one 
with a genetically modified envelope protein which binds to cell surface 

20 molecules found only on a limited number of cell types in the host 

organism. Another example of a targeted retroviral vector is one which 
contains promoter and/or enhancer elements which permit expression of 
one or more retroviral transcripts in only a proportion of the cell types of the 
host organism, 

25 An "envelope" protein is a viral protein which coats the viral 

particle and plays an essential role in permitting viral entry into a target cell. 

"Transduction" is the process of using a viral vector to deliver 
a non-viral gene to a target cell. "Transfection" is a process using a non- 
viral vector to deliver a gene to a target mammalian cell. 

30 "Immunoglobulin" is the term given to a member of a family of 
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related multimeric proteins which are normally secreted from cells of the B- 
lymphocyte lineage of a vertebrate, whose function is to bind specifically 
with a region of a macromoiecule identified as non-self. Immunoglobulins 
represent a major component of the immune response repertoire of the 
organism and are synonymous with "antibodies". 

The invention relates to the production of novel co-stimulatory 
fusion molecules from mammalian cells and delivery of SCM-encoding 
genes to the site of a tumour. Delivery of SCM-encoding genes to the 
tumour has considerable advantages for therapeutic applications in which 
SCMs are indicated since it circumvents a number of problems associated 
with delivery of proteins systemically in man. Proteins are complex 
molecules which, of necessity, are produced from biological sources, most 
usually from genetically engineered organisms or cell cultures. The 
procedures for production of SCMs are consequently complicated, labour 
intensive and costly. Furthermore, pharmacological properties and other 
aspects of the function of complex proteins such as SCMs, derived from 
non-human biological sources may frequently differ in important ways from 
the activity of the corresponding proteins produced in human cells. One 
major cause of such differences in activity is variations in the pattern of 
glycosylation of proteins derived from different species (reviewed in 
Bebbington 1995; In Monoclonal Antibodies: the second generation ed . 
H. Zola pg 165-181). Systemic administration of SCMs containing toxin 
domains can identify additional pharmacokinetic and toxicological problems 
(reviewed in Scheinberg and Chapman 1995. In Monoclonal antibodies 
(ed. Birch and Lennox) Chapter 2.1). 

In contrast to the problems associated with production and 
deliver/ of proteins, the methods of the invention allow the delivery of 
genes to the site of the tumour, thus circumventing a number of production 
problems. The SCMs are thereby produced in situ in the autologous 
human cells, which serve as a local factory for the production of the gene- 
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based therapeutic. This has significant advantages in minimising systemic 
toxicity. The activity of the protein is maximal since the glycosylation of the 
protein shows a human pattern appropriate to the individual being treated. 

The methods of the invention can be used in conjunction with 
5 direct injection into the site of the tumour or systemic delivery of, for 

example targeted vectors or engineered myeloid cells or their progenitors. 
Systemic delivery may be particularly advantageous in a number of 
indications, particularly in the treatment of disseminated disease. In these 
cases the gene delivery system or engineered cells can be administered 
10 intravenously by bolus injection or by infusion in a suitable formulation. 
A pharmaceutically acceptable formulation may include an isotonic saline 
solution, a buffered saline solution or a tissue-culture medium. Additional 
formulatory agents may be included such as preservative or stabilising 
agents. 

15 The invention will now be further described by way of 

examples, which are meant to serve to assist one of ordinary skill in the art 
in carrying out the invention and are not intended in any way to limit the 
scope of the invention. 

20 EXAMPLES 

Example 1 - Construction of B7 - scFv Fusion proteins 

The extracellular domain of B7-1 is defined by amino-acid 
25 residues 1-215 of the native human B7-1 protein. This sequence, 

together with its signal peptide-encoding sequence, is used to construct 
secreted fusion proteins which also contain the scFv derived from the 5T4 
monoclonal antibody. The sequence of the 5T4 scFv is given in Figure 1. 
A DNA coding sequence is constructed using standard 
30 molecular biology techniques which encodes a fusion protein in which the 
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N-terminus of the 5T4 scFv is fused after amino acid 215 of human B7-1. 
The sequence of this coding sequence, B7-1.5T4.1, is shown in Figure 2. 
The fusion protein contains a flexible (giy-giy-gly-gly-ser) spacer between 
the B7-1 and 5T4 scFv sequences. The introduction of a convenient 
BamH1 restriction site at the end of the linker insertion (beginning at 
nucleotide 733) also allows for further linkers to be screened for optimal 
expression of bi-functional fusion protein. Figure 3 indicates the fusion 
protein in diagrammatic form. It is similarly possible to construct B7-1.5T4.2 
(Figure 3b) in which the scFv is N-terminal and the B7 extracellular domain 
is C-terminal. In this case only the coding sequence of the mature B7-1 
(without signal peptide) is required. A signal peptide such as an 
immunoglobulin leader sequence is added to the N-terminus of the scFv in 
this instance. 

For fusion proteins which use the co-stimulatory extracellular 
domain of B7-2, the signal peptide and extracellular domain of B7-2 is 
used in place of B7-1 sequences. Figure 4 shows the coding sequence of 
the SCM B7-2.5T4.1 co-stimulatory domain. It encodes the first 225 amino 
acids of human B7-2, preceded by its signal peptide, and a flexible linker 
(gly4-ser). The BamHI site at the end of this sequence can be used to 
insert the domain upstream of the 5T4scFv.1 (see Figure 3). The 
sequence includes the B7-2 signal peptide which can serve to allow 
secretion of this fusion protein in which the B7-2 domain is at the N- 
terminus of the fusion protein. 

Each engineered cDNA is inserted into the mammalian 
expression vector pCl to allow expression in mammalian tissue culture 
cells. For this purpose, a linker sequence is added to the 5'-end of the 
coding sequence which introduces a convenient restriction site for insertion 
into the polylinker of pCI and adds the translation initiation signal CCACC 
immediately adjacent to the first ATG codon. Constructs in pCI are 
transfected into a suitable mammalian host cell line such as COS-1 to 
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confirm secretion of the SCM. The transcription cassette from pCI or an 
appropriate segment of the transcription cassette is subsequently sub- 
cloned into the expression vector to be used as the gene delivery system 
for therapeutic use. 

5 

Example 2 - Transfection of macrophages / monocytes with an 
expression vector encoding an SCM. 

Peripheral blood mononuclear cells are isolated from human 

10 peripheral blood at laboratory scale by standard techniques procedures 
(Sandlie and Michaelsen 1996 In Antibody engineering: a practical 
approach. Ed McCafferty et al. Chapter 9) and at large scale by elutriation 
(eg Ceprate from CellPro). Adherent cells (essentially monocytes) are 
enriched by adherence to plastic overnight and cells can be allowed to 

15 differentiate along the macrophage differentiation pathway by culturing 
adherent cells for 1 - 3 weeks. 

Monocytes and macrophages are transfected with an 
expression vector capable of expressing SCM in human cells. For 
constitutive high level expression, the SCM is expressed in a vector which 

20 utilises the hCMV-MIE promoter-enhancer, pCI (Promega). For hypoxia- 
induced expression, the hCMV promoter is replaced by a promoter 
containing at least one HRE. A suitable promoter is a truncated HSV TK 
promoter with 3 copies of the mouse PGK HRE (Firth et al. 1994 Proc. 
Natl. Acad. Sci. 91: 6496-6500). 

25 A variety of transfection methods can be used to introduce 

vectors into monocytes and macrophages, including particle-mediated 
DNA delivery (biolistics), electroporation, cationic agent-mediated 
transfection (eg using Superfect, Qiagen). Each of these methods is 
carried out according to the manufacturer's instructions, taking into account 

30 the parameters to be varied to achieve optimal results as specified by the 
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individual manufacturer. Alternatively, viral vectors may be used such as 
defective Adenovirus vectors (Microbix Inc or Quantum Biotechnologies 
Inc). 

Example 3 - Analysis of SCM binding to CTLA-4 and 5T4-antigen 
expressing cells 

The B7-1 or B7-2 domains are expected to bind specifically to 
CD28 and CTLA-4 present on human T-cells. Binding to T-cells or 
Chinese hamster ovary cells transfected with human CTl_A-4 or CD28 is 
determined using FACS analysis as follows. 5x10^ CTLA-4 expressing 
target cells or equivalent cells lacking CTLA-4 (untransfected CHO cells) 
are incubated with 0.1 ml culture supernatant from COS-1 cells transiently 
transfected with SCM genes for 1 h at 4oC. The cells are washed and 
incubate with 1 mg monoclonal antibody specific for the B7 domain (eg 
Mab 9E10) followed by FITC-labelled goat anti-mouse IgG (Pharmingen) 
and analysis by FACS. 

Binding of scFv to 5T4-antigen is similarly assessed using 
target cells expressing 5T4-antigen (5T4-transfected A9 cells) or control 
cells (A9). 

Example 4 - Analysis of co-stimulatory activity 

An established mouse cell line of Balb/c origin such as HC11 
cells is transfected with the cDNA encoding human. 5T4-antigen (Myers et 
al. 1994 J. Biol. Chem. 269; 9319-9324) inserted in the expression vector 
pClneo. 

Splenic T-cells from Balb/c mice are isolated by standard 
procedures (Johnstone and Thorpe 1996 In Immunochemistry in Practice. 
Blackwell. Chapter 4). T-cells are pre-stimulated by incubation for 1 - 2 
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days in medium containing 10ng/ml PMA (Sigma) and 100 U/mi human IL- 
2 (Boehringer Mannheim). HC11-5T4 cells are incubated at 10^ cells /well 
of a 96-well tissue culture tray for 2 h with up to 0.1ml supernatant from 
COS cells transfected with SCM gene. Up to 10^ pre-stimulated T-cells are 
added to each well, the cells are pulsed with 0.25 mCi / well ^H-thymidine 
and incorporation of ^H-thymidine is measured using a liquid scintillation 
counter after 24h. 

Incorporation of ^H-thymidine is anticipated to be enhanced 
by the presence of SCM. 

Example 5 - Analysis of co-stimulation in animal models. 

HC1 1 cells transfected with the human 5T4-antigen gene 
(Example 4) are grown as tumours in Balb/c mice. SCM genes B7-1.5T4.1 
or B7-2.5T4.1 or a combination of both genes are introduced into the 
tumour cells prior to implantation and the growth of the tumours and the 
growth of control tumours which do not express SCM genes in vivo are 
monitored. 

It is anticipated that the expression of SCM genes will lead to 
significant reduction in tumour growth. 
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Figure 1 



1 GAGGTCCAGC TTCAGCAGTC TGGACCTGAC CTGGTGAAGC CTGGGGCTTC 
EVQ LQQ SG-PD LVK P G A 

51 AGTGAAGATA TCCTGCAAGG CTTCTGGTTA CTCATTCACT GGCTACTACA 
SVKI S .C K ASG YSFT GY Y 

101 TGCACTGGGT GAAGCAGAGC CATGGAAAGA GCCTTGAGTG GATTGGACGT 
MH W VKQS HGK SLE WIGR 

151 ATTAATCCTA ACAATGGTGT TACTCTGTAC AACCAGAAAT TCAAGGACA-A 
INP N .NG VTLY NQK FKD 

2 01 GGCCATATTA ACTGTAGACA AGTCATCCAC CACAGCCTAC ATGGAGCTCC 
KAI L TVD KSS TTA. Y MEL 

2 51 GCAGCCTGAC ATCTGAGGAC TCTGCGGTCT ATTACTGTGC AJ^GATCTACT 

rSL TSED SAV YYC A RS T 

3 01 ATGATTACGA ACTATGTTAT GGACTACTGG GGTCAAGTAA CCTCAGTCAC 

MIT. NY V M DYW GQV TSV 

3 51 CGTCTCCTCA GGTGGTGGTG GGAGCGGTGG TGGCGGCACT GGCGGCGGCG 

T V SS GGG G S .G G GGT GGG 

4 01 GATCTAGTAT TGTGATGACC CAGACTCCCA CATTCCTGCT TGTTTCAGCA" 

g s s ivmt qt p tfl lvsa 

4 51 ggagacaggg -ttaccataac ctgcaaggcc agtcagagtg tgagtaatga 
gdr vti tcka sqs vs n 

501 tgtagcttgg taccaacaga agccagggca gtctcctaca ctgctcatat 
dvaw yqq kpg q. s .p t lli 

551 cctatacatc cagtcgctac gctggagtcc ctgatcgctt cattggcagt 
syt ssry agv pdr figs 

601 ggatatggga cggatttcac tttcagcatc agcactttgc aggctgaaga 

GYG TDF TFTI STL QAE 

651 CCTGGCAGTT TATTTCTGTC AGCAAGATTA TAATTCTCCT CCGACGTTCG 
D L A V Y F * C Q Q* 'D • Y N S P P T F 
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gtggaggcac caagctggaa atcaaacgg 
gg g-t k l e i KR 
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^1 Mstj j-G!>j ^His-, -.n.--^ -Ara- fA.-: ,-Gin- fCiy•^ ,-Tr..-- .-Ser, ,-F.-c-, .-S».rj fLys- rCys-j fProi rT/r-, ,-Leu 



ATGGGCCACA CACGGAGGCA GGGAACATCA CCATCCAAGT GTCCATACCT 50 
TACCCGGTGT GTGCCTCCGT CCCTTGTAGT GGTAGGTTCA CAGGTATGGA 



"'■ ~ .'"^•'^1 r^''"l !'■■-": f'-^l r^''='~: fl-su; .-Aia- |H3!>- rLsu; |-Sef| j-Hisi [PM* rCys: |-S?r-| Gly 

CAATTTCTTT CAGCTCTTGG TGCTGGCTGG TCTTTCTCAC TTCTGTTCAG 100 
GTTAAAGAAA GTCGAGAACC ACGACCGACC AGAAAGAGTG AAGACAAGTC 

— ; r'-'3'l r''--. r'^'*": f'-'-="l r'^"'-; •■'-ys-; |-GIu-. .-Voh ,-Lysi r<3!i--| rVal-, i-Aia-i pThr-j fLeu) fSsn fCys; 

GTGTTATCCA CGTGACCAAG GAAGTGAAAG AAGTGGCAAC GCTGTCCTGT 150 
CACAATAGGT GCACTGGTTC CTTCACTTTC TTCACCGTTG CGACAGGACA 

'1 ;Giyi pHis-, (Asn, pVsl-j pSeq pVal-i -Gii^i pGlu^ fLsiij pAla. |-Glni rThr^ fArgi plle-| pTyri j-Tip-, pGlii- 

GGTCACAATG TTTCTGTTGA AGAGCTGGCA CAAACTCGCA TCTACTGGCA 200 
CCAGTGTTAC AAAGACAACT TCTCGACCGT GTTTGAGCGT AGATGACCGT 

'1 -. ,-Lysi fGlui fLys^ pLys^ pMel-, rVal-, ,-Lsii-, pTh,-, pMet, pMe!-| pSs:-, pGhy^ [Asp] pMst, pAsn; pile-, Trp 

AAAGGAGAAG AAAATGGTGC TGACTATGAT GTCTGGGGAC ATGAATATAT 2 50 
TTTCCTCTTC TTTTACCACG ACTGATACTA CAGACCCCTG TACTTATATA 

— i r^"^1 r*2'"l r^^n r'-V'i i^sni rArg-, plhr-i piie-| (p;-,g., pAsp-] r»e-| pThr-] pAsn-i [Asrt| fUU] rSen 

GGCCCGAGTA CAAGAACCGG ACCATCTTTG ATATCACTAA TAACCTCTCC 300 
CCGGGCTCAT GTTCTTGGCC TGGTAGAAAC TATAGTGATT ATTGGAGAGG 



te- rV3li plle-| pLeii-, pAla-. pLoL-i pArg-, pPro, rSeq fAsp; j-Glu; rGiy-, pTlir- .-Tyr- pGlu-j fCyS] p'- 



ATTGTGATCC TGGCTCTGCG CCCATCTGAC GAGGGCACAT ACGAGTGTGT 350 
TAACACTAGG ACCGAGACGC GGGTAGACTG CTCCCGTGTA TGCTCACACA 



r/?-. GUI- -Lys- ,-A:-.p- :Al3- r'rs: ri- 



:-Hi5- -U'..- ,-A!a- -Glii-. V.;l 



TGTTCTGAAG TATGAAAAAG ACGCTTTCAA GCGGGAACAC CTGGCTGAAG 4 00 
ACAAGACTTC ATACTTTTTC TGCGAAAGTT CGCCCTTGTG GACCGACTTC 



-Thr- Liii-, -5=1-- rV.>,l- -Lyj- Ala- 



■P.'o- .-3»r; —1!*—, .-Ser- Aip- rhs- 



TGACGTTATC AGTCAAAGCT GACTTCCCTA CACCTAGTAT ATCTGACTTT 4 50 
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ACTGCAATAG TCAGTTTCGA CTGAAGGGAT GTGGATCATA TAGACTGAAA 
Giu l!3 Pro Thr Ser Asn m A.-g Arg lla ns Cys Scr Thr Ser Gly Giy 

GAAATTCCAA CTTCTAATAT TAGAAGGATA ATTTGCTCAA CCTCTGGAGG 500 
CTTTAAGGTT GAAGATTATA ATCTTCCTAT TAAACGAGTT GGAGACCTCC 

•■< Fi:s Pro Glii Pro His Leu Sei Trp Leu GIJ Asn Giy Glu Glu Leu Asn Ais 

TTTTCCAGAG CCTCACCTCT CCTGGTTGGA AAATGGAGAA GAATTAAATG 5 50 
AAAAGGTCTC GGAGTGGAGA GGACCAACCT TTTACCTCTT CTTAATTTAC 

*' -■ Asn -Thr- Thr Vil Ssr Gin Asp Pro ■ Gii; ■ Thr Glu Leii- -Tyr -Ala Val- 

CCATCAACAC AACAGTTTCC CAAGATCCTG AAACTGAGCT CTATGCTGTT 600 
GGTAGTTGTG TTGTCAAAGG GTTCTAGGAC TTTGACTCGA GATACGACAA 

M S&r Ser -Lys- -Lsu- Asp Phe -Asn- Met -Th.r -Thr- Asn -His- Ser -Phe- Met -Cys Lsu 

AGCAGCAAAC TGGATTTGAA TATGACAACC AACCACAGCT TCATGTGTCT 650 
TCGTCGTTTG ACCTAAAGTT ATACTGTTGG TTGGTGTCGA AGTACACAGA 

Lys- T-/r Gly His Leu . Arg Val Asn Gin Thr Fhs Asn. Trp Asn Thr Thr 

CATCAAGTAT GGACATTTAA GAGTGAATCA GACCTTCAAC TGGAATACAA 7 00 
GTAGTTCATA CCTGTAAATT CTCACTTAGT CTGGAAGTTG ACCTTATGTT 

'! Lys Gin Giu -His Fh» Pro -Asp Gly Gly Gly Gly Ser Glu Val Gin Laii 



CCAAGCAAGA GCATTTTCCT GATGGAGGCG GGGGATCCGA GGTCCAGCTT 750 
GGTTCGTTCT CGTAAAAGGA CTACCTCCGC CCCCTAGGCT CCAGGTCGAA 

Gin Gin Sai Giy Pro As-J Leu Val Lys Pre G!/ Ala Ser Vsi Lys II2 Siir 

CAGCAGTCTG GACCTGACCT GGTGAAGCCT GGGGCTTCAG TGAAGATATC 8 00 
GTCGTCAGAC CTGGACTGGA CCACTTCGGA CCCCGAAGTC ACTTCTATAG 

Cyt L-;5 A:a Ser G:y T,-. s^r Pin Thr Civ Ty.- T-vr Mg; His Trp V-ji Lys 

CTGCAAGGCT TCTGGTTACT CATTCACTGG CTACTACATG CACTGGGTGA 8 50 
GACGTTCCGA AGACCAATGA GTAAGTGACC GATGATGTAC GTGACCCACT 



# 
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AGCAGAGCCA TGGAAAGAGC CTTGAGTGGA TTGGACGTAT TAATCCTAAC 900 
TCGTCTCGGT ACCTTTCTCG GAACTCACCT AACCTGCATA ATTAGGATTG 

Asn Giy V3l Thr Lau -Tyr Asn- Gin- Ly3 Pha Lys Asp -Uys -Als • ll?- Leu T-.r 

AATGGTGTTA CTCTCTACAA CCAGAAATTC AAGGACAAGG CCATATTAAC 950 
TTACCACAAT GAGAGATGTT GGTCTTTAAG TTCCTGTTCC GGTATAATTG 

• Val Asp Lys Sar Ser TTir- -Tm Ala Ty-- Me; Glu Lsu A.-g- Ser Lau -Thr Ssf 

TGTAGACAAG TCATCCACCA CAGCCTACAT GGAGCTCCGC AGCCTGACAT 1000 
ACATCTGTTC AGTAGGTGGT GTCGGATGTA CCTCGAGGCG TCGGACTGTA 

Gill fi^p Ssr Ala Val Tyr Tyr Cys Ala Ar= Ser Thr Mei lie Thr A^n 

CTGAGGACTC TGCGGTCTAT TACTGTGCAA GATCTACTAT GATTACGAAC 1050 
GACTCCTGAG ACGCCAGATA ATGACACGTT CTAGATGATA CTAATGCTTG 

;Tyr Val rMet Asp Tyr Trp Gly GIri Val Thr Ser Val Thr : Val Ser Ssr Gly 

TATGTTATGG ACTACTGGGG TCAAGTAACC TCAGTCACCG TCTCCTCAGG 1100 
ATACAATACC TGATGACCCC AGTTCATTGG AGTCAGTGGC AGAGGAGTCC 

-. -Gly- -Giy- Giy Ser Gly Gly -Gly- Gly- -Thr -Gly- -Gly <5ly- rGly- -Ser Ser -lie- Val 



TGGTGGTGGG AGCGGTGGTG GCGGCACTGG CGGCGGCGGA TCTAGTATTG 1150 
ACCACCACCC TCGCCACCAC CGCCGTGACC GCCGCCGCCT AGATCATAAC 

-- Mst Thr- -Gin- Thr Pro Thr Pne Leu Lsu -Val- Ser Ala -Gly- Asp Arg- Val 

TGATGACCCA GACTCCCACA TTCCTGCTTG TTTCAGCAGG AGACAGGGTT 1200 
ACTACTGGGT CTGAGGGTGT AAGGACGAAC AAAGTCGTCC TCTGTCCCAA 

Thr llr= Cy-. L'/s Aia Ssr Gin Ssr Val Sc-r Ajn Asp V3I Ala Trp Tyr 

ACCATAACCT GCAAGGCCAG TCAGAGTGTG AGTAATGATG TAGCTTGGTA 1250 
TGGTATTGGA CGTTCCGGTC AGTCTCACAC TCATTACTAC ATCGAACCAT 

G:n 0\r. L-,-s Pi-.-j Glv Gi,: Sii Pr;- Thr Lsii Li-.i lie Ssr Tyr Thr Ser Sir 

CCAACAGAAG CCAGGGCAGT CTCCTACACT GCTCATATCC TATACATCCA 1300 
GGTTGTCTTC GGTCCCGTCA GAGGATGTGA CGAGTATAGG ATATGTAGGT 
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— f.Arg, j-Ty.-., -Ais-; pGly-, pVal-, ,-Aspj ,-Af5i ,f:-£. -113- ,-Gh,- fSer- rGly-, ,-Tyr- pG^/^ pThr, 

GTCGCTACGC TGGAGTCCCT GATCGCTTCA TTGGCAGTGG ATATGGGACG 13 50 
CAGCGATGCG ACCTCAGGGA CTAGCGAAGT AACCGTCACC TATACCCTGC 

.;A£c-. i-Fr.^j pThf-, j-P.he-j pTnr-. pile- .-Q-r-, j-Tlin rLeuj .-Gin-. j-Ala-: ,-Gii:-. f.^^p-, f-U-j-] j-AUi j-Val^ pTyr- 

GATTTCACTT TCACCATCAG CACTTTGCAG GCTGAAGACC TGGCAGTTTA 14 00 
CTAAAGTGAA AGTGGTAGTC GTGAAACGTC CGACTTCTGG ACCGTCAAAT 

fy^] r'^'^l r^'"l \^^] r"^y'l -Asn-, rSen fP-^ fPrc-j phrj ;Pne: pGly^ pGly^ " j-Gly^ {-Thr^ Lys 

TTTCTGTCAG CAAGATTATA ATTCTCCTCC GACGTTCGGT GGAGGCACCA 14 50 
AAAGACAGTC GTTCTAATAT TAAGAGGAGG CTGCAAGCCA CCTCCGTGGT 

AGCTGGAAAT CAAATAA 1500 
TCGACCTTTA GTTTATT 
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Figure 4 



Molecule Name: B7-2 (1-241) 

Sequence Printed: 1-738 (Full) 
Description : 



73 8 bps DNA Linear 

Date Printed 02 Jun 1997 



1 
51 
101 
151 

^ 201 
251 
301 
351 
401 
451 

^ 501 
551 
601 
651 



ATGGGACTGA GTAACATTCT CTTTGTGATG GCCTTCCTGC TCTCTGGTGC 
MGL SNI LFVM AFL LSG 

TGCTCCTCTG AAGATTCAAG CTTATTTCAA TGAGACTGCA GACCTGCCAT 
AAPLi K IQ AYF NETA DLP 

GCCAATTTGC AAACTCTCAA AACC7VAAGCC TGAGTGAGCT AGTAGTATTT 
CQF ANSQ NQS LSE LVVF 

TGGCAGGACC AGGAAAACTT GGTTCTGAAT GAGGTATACT TAGGCAAAGA 
WQD QEN LVLN EVY LGK 

GAAATTTGAC AGTGTTCATT CCAAGTATAT GGGCCGCACA AGTTTTGATT 
EKFD SVH SKY MGRT SFD 

CGGACAGTTG GACCCTGAGA CTTCACAATC TTCAGATCAA GGACAAGGGC 
SDS WT LR LHN LQI KDKG 

TTGTATCAAT GTATCATCCA TCACAAAAAG CCCACAGGAA TGATTCGCAT 
LYQ CII HHKK PTG MIR 

CCACCAGATG AATTCTGAAC TGTCAGTGCT TGCTAACTTC AGTCAACCTG 
IHQM NSE LSV LANF SQP 

AAATAGTACC AATTTCTAAT ATAACAGAAA ATtSTGTACAT AAATTTGACC 
EIV PISN IT E NVY INLT 

TGCTCATCTA TACACGGTTA CCCAGAACCT AAGAAGATGA GTGTTTTGCT 
CSS IHG YPEP K KM SVL 

AAGAACCAAG AATTCAACTA TCGAGTATGA TGGTATTATG CAGAAATCTC 
LRTK NST. lE Y DGIM QKS 

AAGATAATGT CACAGAACTG TACGACGTTT CCATCAGCTT GTCTGTTTCA 
QDN VTEL YDV SIS LSVS 

TTCCCTGATG TTACGAGCAA TATGACCATC TTCTGTATTC TGGAAACTGA 
FPD VTS NMTI FCI LET 

CAAGACGCGG CTTTTATCTT CACCTTTCTC TATAGAGCTT GAGGACCCTC 
DKTR LLS SPF SIEL EDP 
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AGCCTCCCCC AGACCACATT CCTGGAGGCG GGGGATCC 
QPP PDHI PGG GGS. 



L) ^ou^g 4 ^ 
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